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ABSTRACT 

PURPOSE: To provide a zoom lens having a wide viewing angle and a high 
-variable power ratio by comprising four lens groups as a whole and properly 
setting the refractive powers of respective lens groups and the moving 
conditions of respective lens groups at the time of varying the power. 

CONSTITUTION: This zoom lens comprises, in order from the object side, four 
le'as groups of a first group LI of a negative refractive power, a second 
group L2 of a positive refractive power, a third group L3 of a negative 
refractive power and a fourth group L4 of a positive refractive power, the 
fluctuation of an image plane by the power variation is compensated by 
moving the first group LI to the side of the image plane while plotting a 
projected locus, the second group L2 is moved so that an interval between 
the second group L2 and the first group LI is decreased and the lens 
constitution of the fourth group L4 is properly set in the case of power 
variation from wide angle end to the telescopic end. 



<I9)B#BWW (JP) (12) & HfJ §*p & $g (A) 



(1l)ttffttW£BW» 

^W¥8- 106048 

(43)£tfflR ¥J*8*(1996)4fl23R 



(51) IntCK 6 
G 0 2 B 15/20 
13/18 



F 1 



CZDttUHW 

(22)tt«B 



fttPW-270243 
¥^6«1994)10H6B 



jS#3iOS3 FD (±9 H) 
(7DB1IHA 000001007 

«SC**HISTA^ 3 T E 30& 2 
JKSC«*BBETA-T3TI=I30*2# 



(54) [9B930)£«] X-AU>X 
(57) [«»] 

L^-3*»4*r««fcfP3«IiHEft*»EU S82 

g 2 mtm i orh^« < fc*<t 5 ic^s* 



CA) 



(B) 



(C> 




-359- 



( 

1 

©js$t*©&2p* sornvriwrnsm* ^ltie©j® 

SB 2 P£&|g 2«&«l«fc ©NIMtf* $ < fc -5 £ 5 fc 
Kffi3fP«ttff3»2:fll2f»2:C!)ni|«iAe 

<&S±5l;:IMl4tf, &IB4P£83l4P£aS3P<>: 

IE©SifT2j©Sg4 IP, IE©|g4 2P*LTfl©Sg4 3 
»£WU K*4 l«HU>X4 1Ptfll/>X4 IN 
££&£L/t&-&l/>X£irU *©«f£l/>XH«« 
ffl«(Cdbffl«rfiI»T*0, &Sf§4 3pl*»Efi»;:dLffi£ 
r&ttfc;*— X**tt©*U>X4 3N£#U KlEU-> 
X4 1 PO»»©li*r*t7y^*«*4rN4 1 P, v 
4 1 P. 8tfik>X4 lNO»K©)Blfr»t7y^R* 
S^N4 1N, v4 1NfcU&£* 
25<v4 1P-v41N<61 
0. 0 6<N4 1 N-N4 1 P<0. 3 6 

£ fc*4W*£**X- A l^X. 
2 ] m^JEU>X4 1 P attKOKCdbS^M 

*fiI^&^-X*X»«J:l!)i*r), ttE»4-2»ttPIl/ 
>Xffi**dbB©IE U >Xct 0 o T^S £ t £&&£-r 
SBI*JHl<OX-AU>X. 

zmnct-zt x#©a v yxtfkh®mm\zmfrm 

H*B1 ©X-AU>X. 
[«W©B«)MBW] 
[0 0 0 1] 

*7#K#«fcX--AU>Xl;:IIU *K*©B«A© 
U>XP^5fefTt^)^i:UT4^a)^>XPS:« , L, 

ens 4 -do u>x»© w>x«i*&a«fcRjrrs ^ 

t(zJ:0U>X«±*a)/hfflfl:ftH-3fcft«tt3. 5- 

4. 5, £A«T©F-*->/t-5. 8 8J& £ft#T© 

XKMI"**)©-?**. 
[0 0 0 2] 

[«*©«*] «*<fcD*©fl#a©u>xp#*fT* 
i:tt*<fflU5nni*. »&bb4 9-2 3 9 

1 2**&«*#B»B5 7 - 1 6 3 2 1 3^«^T|S^I 
*«9J:0lifc:ft©JBIfr*©*l», IE©E#r;fj©3B 2 



2) W8- 1 0 6 0 4 8 

P* &©@#r?J©3S3Ps -£LTE©JHS#©84»© 

LT\ tRlSMIfl^Sfiit, !S2P<h5S4P£ftl 
S3»£Hfe»L<tt»ft£l*fcX- 
Al/>X*«flB63nT^a. 
[0 0 0 3] COJiS&flOHJfAOU^XW^ff-r 
£ >r 7 'J - K$©X- A U >Xlitt«Ettj£iirfcft; 

W •©*ja£*rLT^*. 

[0004] cn&©^ja^a#u» ^>x«±#:©/h 
fflftfttfKSftft*Hofcx-Au>x^ tiximm 

03 5 5 - 1 4 4 0 3*4ifB, ttn»5 7 - 1 1 3 1 5H 
4MB* ®mW$ 8-411 -ttT»B8«J5 8 

-9 5 3 1 5^&*WT«5fcSftTU*. 
[0 0 0 5] un6©ftfi«TttX-AU>X*»ft« 
•fcOJHlCft, IE, ■tUTiEOJffl*f*0U'>X»(O± 
fl=<fcLT4 0©l^>X»«fcD#taSU 

>xm*mmz&m#T$>®&n~DT^z> 0 

20 [0 0 0 6] 

bfx** * 7*fcm>*«Wfl©X-A U>X£ LTtt 
ttBM££*. aoH*ftJt©t>©#sra;*nT^<5. 
W*.K, K(w3 5mm7-f KU7*/7t?tt 
&/&8§Pi 3 5 mm- 7 0 mm^JfcjftJEIB 2 8 mm- 8 0 
mma*©a;iSA©X— /» !✓ > XjWMWB© X— A U > 

xtLTffl^snrn*. 

[0 0 0 7] Efc«fiT?Ji«lAre« 2 8 mm- 105m 
m. ^\y<UM^MM2 8 mm- 1 3 5 mmfiff ©SSI 
» «fc«M6H*JS*U W«ftfttH^fcX-AU>-X 
*tSJpffl©X-Al/>Xi:LTiia$nT^-5. 

[0 0 0 8] Lrt>Lfc#£, -«C21©aflE©«Kuaft 
TL^ t>«;S«Jt fc& X£;B#fi < 9 ♦ X£ 

fl!ffc*^Ttt«MttX-A#«l^»t&9, d©tt« 
U>Xft«*«*a©«fifia:^i3 1 U>X««#*#Hft;2fc 

[0 0 0 9] *«WttX-AU>X££ft£LT4:3© 
1^>X*J:D«I*U *U>X»©JB«r^*ffitc(*-5 

ft u >-x*©»»*fr*sa« tM3t-r s c a: ^ «t o , 

40 U>X£fi£JB«SU AOU>X««©*fflft&tf«ai 
ffifiB b 9 M V i3t*ttK €: W L X- A V > X©*Si 
[0 0 10] 

[»B***-rsfc«6©-^a3 **w©x-au>x 

tt. *#flBJ:0IBlCfl©JB»f^©ai». iE<7)JuIifr*J© 
%2m, ft©ffl«r*©JB3», -€-LT:iE©ia»f*©SII4 
»©4^©U>XP£WL, J£ftMA>SaWB's©tf« 
tBLtn »»i»s«lffi«iciatt©«i»s*rL^ 
50 »fts-&T««ir<*o«ifi*»&a]Ku. mm2#$&m 



-360— 



(3) 



&BH¥8 - 1 0 6 o 4 8 



KM***, mm4m&&n4mtmzm£<Dmm<'b 

©84 11$, jE©fB4 2»*LTft©*4 3*«#U 
\4 1P^U>X4 1 Pt&U>X4 1 N££J$-&U* 
25<v4 1 P- v41N<6 1 
0. 0 6<N4 1 N-N4 1 P<0 



* Tz&s i* >x*#u -£©&■& v >xm\tmsmz &m 

*rtJWT*0. K8S4 3Stt««l*i5ffi$rfa]tt/t>- 
X*7tt0iU>X4 3N^L, &lEU>X4 1P© 
**«©JH8r*<!:7y^ft£**N4 IP, v 4 1 p. g£ 
SV>X4 1 N©«B©JB#r*iL7y^ft&*4N4 1 
N. v 4 INtU&tft 

(1) 

36 (2) 



[0 0 11] 20 

©P>X£r®STfc*. (A) MUMA (B) 

tt+W. (C) ttSjWItiRtTV^. 02. 0 3tt* 
IS^©&te£JSfc|2 t 3©X-AU>X©lWI*l;:*m 
SW>X»MISrc»S. 
[0012] m 1 -0 3 tC^UT, L 1 ttftflDH*f*<0 
8 Iff, L2\$\EOmJWm2M, L3ttft©Hlff^ 
©3S3», L4ttIE©JB*r*©iB4»T»S. L4U4 
iE©BSf*©£4 18, L4 2teIE©JB#r*©S4 2 
». L4 3ttftroB«*0»4 3tffT»*. SPte« a? 

[0013]^41fL41 li#®«Cdb® £l^tfcIE 

4 2»L4 2tt«U>XBBJ^iaffi©El/>X«fcDJ«-3T 
^S. iB4 3»L4 3tt«iMti!!ia*lStt&^-X* 
X#©£U->X4 3N<fc9fi!c^TV>£. 
[0014] **!fi*!T?»4H 1 KST £ o fcl£ 6 30 
«MK©*«IClRLTtt. R1SL1 

U »2»L2S*2»d:»l*t©IIDIII*^<»S 
<fc 3 &3PL3£S3P£&2#£©fflSil 
tf**<fc*J:5K»»S-fr. «4*L4tSB4*i:JB 
3if«i:Wfyjfii^/jN$<^^J:'5lc#«F$ J tl:T^^. X. 

[0015] *£MWv\t, £©<fc?(;:£U>Xl*©ffl 
ff*^*«fc*Jlt*ftU>X»©»»*fr, *LT!&4 
»©U>X****«^r«i*tC»4 lt»t*rtf* 40 

iEU>X4 1 Pt&U>X4 1N£»&U Ao53t&© 
U>X©»R©H#»fc7^ft#*tt5£ (1) , 

(2) s»jE-r*<fc5fcaii*LT^*. cnic<ti9, a 

>X^fi«rfi«bot>, ItiiiftTL^t)KSC*it©^* 

3 Kv 4 1 P- v4 1 N<6 1 
0. 1 4<N4 1 N-N4 1 P<0 



^ [0016] »fc**JS«TttJ84*©U>X«|«SW 
4 l»t»4 2«S*lziE©H«f*0l/>X«tLT^ 

[0 0 17] XBI13l:^tJ:^lC*4SL4'\Wii 
3tt«©A»»h £*W#tt©A«t»h a©«#atJtttM 
A<!teS»t>**«wJB4 1SL4 1 *tt#U>XcfcD 
»«U »»&L->X©*&U>aifi^«ffi«lcdiiiiii* 
fpjttSJ^icLT^S. cnic«fcDfBi»L i-JB3# 
L 3Tf**.Lfc»H«S£*ja»H||jELT^*. 
[0 0 18] 354 3 if«r«Bff«|(cflBBftf6ntfc^^X* 
Xtt©ftU>X«fcDl«fcLT^*. cnfcJ:&l£ft«T 
W 1 SJ: D «*1-*ft©Elft«»£fiff tctlllE L 
£o X8M 3»lwcfcD^*©^jfittlS*««#«(CttH-r 

4S&jE©JB«*©l^>X*»J£tLfct€rtc^tt«^ 

jt»w»asfl!tSf»LTix>x^j47&^^r*©£-iw± 
[0019] *ca(ra5©*frsc (i) . (2) ©tttisw 

Wfclc^TKWT*. *frj£ (1) , (2) ttSR4 l 
»©IEU>X4 1 P tftU>X4 1 N©t*B©H*r*fc 

7y^ft£afflicaa:SL'. sfcgftKtt^fcws©** 
£ A#£*t jET* <h*ir u >X*ft©te'«fl:£Eia A© 

fe©T<5£„ 

[0 0 2 0] (1) ©.l:BMl£ittA-&taa«T 

tt±ft«JSt«*ftiR«««*^«jEia«lt3a:oT< 
XTR»€:«A * fcSMStCtt? fiJR£©Se»j&t*3 < ft 
oT<*, (2) ©.L»«£tfA*(fc»&U>X 

B©ft©Ji*f *^9S< ft 0 t^W7 £ v * x £i& 
Wfc*M*r*©a*BU<fcoT<*. X HISHB&8;*.* 

t»&u>Xifi©ft©ji«*^a<fto-r#< t&<o± 

©dWb<ftr3T<S. 

[0 0 2 1] i*S*«91fc*^T*fl=iC (1) , (2) © 
S««SHS*©»<8*r*©75«iR«lliE&t;i,'>X± 
fi©fi*!Mb©^T3llc«F* L V\ 
[0 0 2 2] 



3 6 



(1 a) 

(2a) 



-361- 



(4) 



#Pfl¥8- 10 8 0 4 8 



& 1/ > X < th 2 ft ©IE u >X£ #"T £ <fc -5 \z 

(1/R) H 2 

7 



10 



* [0023] *tc*»wo»«saiw€^-r. &mmm 

«flfc*3V>Tr itt«M»:«J;0JHlC»i#B©U>Xifli<7) 
d i tttttt«U:0« i *§0U>X»Rtfs?? 

>X©#7*(0Jiff*£7^ftT**. 
[0 0 2 4] #J^©^ti^«i^|'Xtft, 

A, B, C, D, E*6*»immLtLttLi£ 
[0 0 2 5] 
«1] 



(H/R) 



+ AH 2 +BH 4 +CH 6 +DH fl +EH 10 



fc*5tT^fc>LTUS. X, gt£a&#A£fttt*lM » [0 0 2 6] 

£«l**llfttt&0MR«S- 1 c*r. * Wi] 

f= 29.0-130.5 fno=l:S8^8.3 2i=714-|&8* 



n 1=1.69680 

n 2=1.58313 

a 3-1.84666 

n 4=1. 84S66 
ii 5=1. 48749 

n 6=1.42749 

n 7=L51633 

n 8=1.73472 
n 9=1.73590 

nlO=l. 83400 

SlttttU 

ni3=l. 51633 
nU=I. 69680 





v 1= 55. 5 

v 2= 59. 4 

v 3= 23.9 

v 4= 23.9 
v 5= 70.2 

v 6= 70.2 

v 7= 64.2 



v 8= 
v 9= 



25.7 
44.2 



vl0= 37.2 

vll- 60.7 
vl2= 23.9 

vlS= 64.2 

vl4= 55. 5 



(0 0 2 7] 





29.00 


74.56 


130.50 


ill 

d 21 


45.34 


m 

6,23 


1.47 
20.93 
1. 10 



A-0 

B=-2.413xl0" 6 
C=-1.45BXI0" 9 
D=-7. 468x10" 12 



E = 9.831x10 
[*2] 



15 



-362— 



(5) 



$£BB¥8- 1 0 6 0 4 8 



f= 29.0H3Q5 fno=l:5fr&3 2»=73.4~l8.tf 




n 1=1. 77250 

n 2=1. 63895 

n 3=1.53313 

n 4=1. 69895 

q 5=1. £4665 
n 6=1. 48749 

n 7«1. 4B74S 

n 8-1.51633 

n 9=1. 78472 
nlO=l. 73590 

nll-l. 83400 

nlM.GOSU 
nl3=1.84666 

nU--LS)633 

nl 5= 1.69680 



v 1= 49.6 

v 2= 30. 1 

v 3= 59. 4 

v 4- 30. ) 

v 5= 23. 9 
v 6- 70.2 

v 7= 70. 2 

v 8= 64.2 

v 9= 25. 7 
vlC= 44. 2 

vll« 37,2 

vl4= 64. 2 
vl5= 55- 5 



[0 0 2 8] 



mm 


29.00 


74.22 


130.43 


hi 






1.42 
23. 70 
1.09 



W3] 



—363— 



(6) 

f' 29.0*1010 fnoM:5.8-7.2 2t=7M-242* 
1= 



&IH¥8- 10 6 0 4 8 




r23= "ijfl„ 
r24= -19 17. §2 



2. 2D 
5.30 
3- I. SO 

PS. 00 



d 
d 
d 
d 
d 
d 
d 

fit £ io 

311^.20 
d!5= 2.30 
dl6* 1-00 

it J: IS 



2.90 



n 1=1.69680 

n 2=1.58*13 

n 3M. 84666 

n 4=1.84666 
n 5-1.48749 

o 6=1-48749 

q 7*1.51633 

n l=h ris^S 

n!0=l. 60311 
nll=l. 84656 

nl2«I. 51633 

nl3=l. 69880 



10 

v 1= 55.5 

v 2= 59. 4 

v 3= 23.9 

v 4= 23. 9 
v 5= 70. 2 

v 6= 70. 2 

v 7= 64.2 



v 8= 25. 7 
v 9* 44.2 



vlO= 
vll= 



vl2= 64.2 
vl3= 55.5 



mi 


29.00 


61.74 


100.99 


d 8 

ill 


u 


I'M 
8.11 


1. 96 



A=0 

B=-6. 316X10" 6 
C— 8. 647 xlO" 9 
D= 1.008x10"" 
E=-8. 05ZX10" 14 



[0 0 2 9] 



* * [an 







1 


2 


3 


(1) i/41P-^41N 


36.8 


35.8 


36.8 


(2) N41N-N41P 


0.244 


0.244 


0. 244 



[0 0 3 0] 

m»*tom\zL?o* tt»»l£liiATL^t>»*«Jfc© ^ 
[HffiOffiWttiM!] 

[0 2] *^ti0jtta»|M2cou>XKilfa 
[03] *^<7)»<l^»^J3CDl/>X^ffi0 
[0 4 ] *^<3»<a£»W 1 <Dj£ft*©iK£0 

[0 5] txnoRnnM io*Mom&® 

[0 6] ^fKQOlkMIIMfl 1 ©8BS«a)iK2B 

[0 7] 4:%^(0M«Kn2OJCA«flDlD»|g| 50 



[0 8] *!&«<7>ftji«ttfl|2CE)it>|lBa)JRK|gi 

[0io] *miomtwm$o&tom<owm 

[01 1] 3 <0*IB©iKSB3 

[01 3] 01 ®»4»©3t»H 

LI Ml« 
L2 

1-3 3S3# 

L4 «4& 

1 P &6fi 

SP 150 

as wtnumffi 

AM .* U 5^ *:HMrrfi 



-364- 



d dm 



n 



(7) &§fl¥8-l 0 6 048 

12 

S. C IEtt*fr 



[01] [0 2] 




-0.40 0.40-0.40 0.40-S.OO 5.W-O.05 0.0S 

3E5£*ft (s«) 



(8) 



#§fl¥8- 10 6 0 4 8 



[07] 



|f = 28.Q| 
fna/6.83 



2 a) ^73.4' 2u=73.4* 




2 w = 73.4" fno/6.9 2cu-32.5" 2w=32-5* 



/ 




2<j 32.5* 



-O.40 O.4D-O.40 O.W-S.00 E.00HJ.05 0.06 0.40 -0.40 O^O-sToO Too hToT 



(et6) 



[09] 



IBM 0] 



|f ■ 130.4] 
fno/8.24 



f = 2ao 




2w = 13.8" 2a>= 18Lfl* 2<a^ia£* fao/5.83 2w=73.4' 2 ^ = 73.4 



1C J 



ft 




73.4* 



-0.40 0.43 -0. 40 0. 40 -5.00 E.00 -0.QS 0.05 



-0.4ft 0.40-0.40 0.40 -5.00 R.O0 -O.Ofi 



#*«e sec («) 



|f = 61.7| 
fno/6.53 



s.c 



031 2] 



[01 1] 



38.6" 2o> = 3a.6" 2<q=3&6' 



AS 




2n>=Z4J* 2o)-24..2' 



-0.40 0.40 -0. 40 0.40 - 5.00 5.00-0. OS 



-0.40 0.40 -0.40 0.40 -5.00 6.00 -0.05 



(g«) 



tfffiJRS MS 3EO» (96) 



-366- 




(9) **W¥8 - 1 0 6 0 4 8 



[HI 3] 
u 



ui U2 m 



